INTRODUCTION
The morbidity and mortality for patients on maintenance hemodialysis is high, and cardiovascular disease remains the leading cause of death for this patient group [1] . Patient-reported quality of life (QoL) is low, with many patients unable to continue with paid employment [2] . Home hemodialysis (HHD), including nocturnal home hemodialysis (NHHD), is an excellent way of offering increased flexibility for patients on maintenance dialysis programs, but there are a significant number of patient, physician and center-based barriers that mean NHHD is not an option for many patients [3] . As an alternative, in-center nocturnal hemodialysis (INHD) offers patients the opportunity to dialyze overnight for extended hours while asleep. In a number of studies, INHD has been shown to improve a wide range of clinical parameters, but despite growing evidence to support nocturnal dialysis, it remains an underutilized modality. This review summarizes some of the benefits of nocturnal hemodialysis schedules and explores some of the potential barriers to more mainstream adoption, especially in an in-center setting (Table 1) .
IMPACT ON HEMATOLOGICAL AND BIOCHEMICAL CONTROL
A number of studies have demonstrated the benefits of nocturnal dialysis regimens on anemia management and bone mineral metabolism. Two recent meta-analyses showed improvements in hemoglobin [8
&& ], with a number of studies reporting reduced erythropoietin requirements, most likely due to improved sensitivity [13 && ,22] through better urea clearance [30] and control of inflammation [31] . As high levels of systemic inflammation drive cardiovascular disease in patients on hemodiaysis,
FLUID BALANCE, BLOOD PRESSURE AND MAINTENANCE OF RESIDUAL KIDNEY FUNCTION
All studies of extended-hours nocturnal hemodialysis show that longer treatment times lead to reduced ultra-filtration rates [4
&& ]. Speed of ultra-filtration on hemodialysis has been shown to directly associate with episodes of myocardial stunning, which, in turn, associate with poorer outcomes [14] . Reduced ultra-filtration rates and myocardial stunning events due to improved cardiovascular stability on dialysis are plausible, though unproven mechanisms by which extended-hours nocturnal hemodialysis may lead to beneficial ventricular remodeling and improved outcomes. Three metaanalyses have highlighted the beneficial effects of nocturnal dialysis on blood pressure (BP) control [15] [16] [17] with reductions in the number of antihypertensives required in these patients [6, 9] .
Despite these benefits associated with reduction in ultra-filtration rates and better BP control, there are signals that intensive dialysis may hasten decline in residual kidney function (RKF) -a strong determinant of survival [18] . In the Frequent
KEY POINTS
In-center nocturnal hemodialysis is associated with improvements in a range of clinically relevant and patient-related outcome measures, including mortality, but remains an underutilized resource, only being available in around 5% of dialysis units.
Extended overnight dialysis may hasten the decline of residual kidney function in incident patients with substantial urine output and so should not be considered a standard option for everyone.
Although there is an increased risk of vascular access complications for more frequent nocturnal schedules, this does not seem to be the case for thrice weekly or alternate overnight treatment regimens.
Nocturnal dialysis is cost-effective, whether delivered at home or in-center; despite the increased costs of consumables from frequent schedules or staffing incenter overnight, there are considerable economic benefits as a result of continued employment and maintained independence. [14, 15] Improved mood [16] Increased vascular access complications (frequent schedules) [17] [18] [19] Hypophosphataemia requiring supplementation [24] Continued employment opportunities for patients and their carers [25] [26] [27] Staffing considerations Decreased patient access to healthcare professionals [15] Increased costs [28] Antisocial working patterns (INHD) [15] Superior cost utility [29] BP, blood pressure; INHD, in-center nocturnal hemodialysis; LV, left ventricular.
Hemodialysis Network (FHN) Nocturnal Trial, 63 patients had some degree of RKF, 32 of whom were assigned to nocturnal hemodialysis and 31 to conventional hemodialysis. After 4 months, the prevalence of oligo-anuria was 52% in patients undergoing nocturnal hemodialysis and 18% with conventional hemodialysis (P ¼ 0.02), with statistically different models of kidney urea and creatinine clearance between treatment groups, showing lower clearance on nocturnal hemodialysis after 4 months [19] . These data suggest that frequent or extended nocturnal schedules should not be routinely offered to incident dialysis patients with substantial RKF. As attention is being drawn to individualized prescription of dialysis and incremental schedules for incident patients [20] , it is no surprise that the 'one-sizefits-all' idea is no more true for nocturnal dialysis schedules than it is for conventional ones. Indeed, we should be assessing patients individually and prescribing dialysis regimens that fit their physical and psychosocial needs. Those needs are best met by offering a broad range of options for patients including wider provision of nocturnal dialysis.
MORTALITY AND CARDIOVASCULAR BENEFITS
The mortality benefits of nocturnal extended-hours hemodialysis for prevalent maintenance hemodialysis patients has been explored in a number of large observational studies, with all studies suggesting similar results [5, 22, 32, 33] . A retrospective cohort study of 746 INHD patients matched to 2062 controls treated with conventional hemodialysis by Lacson et al.
[6] reported that nocturnal hemodialysis was associated with a 25% reduction in the risk for death after adjustment for age, BMI, and dialysis vintage [hazard ratio 0.75, 95% confidence interval (CI) 0.61-0.91, P ¼ 0.004]. These findings were corroborated in a subsequent, large national cohort study by Rivara et al.
[5], which showed that patients treated with extended-hours hemodialysis (including many patients on INHD) had a 33% lower adjusted risk of death than patients on conventional hemodialysis leading to the conclusion that extended-hours hemodialysis therapies have the potential to result in lasting survival benefits.
The effects of extended-hours nocturnal dialysis also compare favorably to patients on non-traditional dialysis regimens. Johansen et al. [32] showed that extended-hours nocturnal dialysis was associated with significant reductions in mortality risk and major morbid events when compared to conventional hemodialysis, with no significant difference in mortality found between short daily dialysis regimens and patients undergoing conventional hemodialysis. It must be noted that these data were from observational registry studies, with significant possibility of selection bias and prospective clinical trials still needed to define the relative contributions of patient selection versus the effects of nocturnal dialysis therapy on patient outcomes.
Randomized trial data suggest that extendedhours nocturnal dialysis improves mortality compared to conventional dialysis by improving in cardiovascular structure and function. Wald et al. [9] showed that conversion to INHD was associated with a 14.2 g (95% CI 1.2-27.2 g) reduction in left ventricular mass (LVM) at 1 year compared with conventional hemodialysis. LVM is known to have a graded relationship with cardiovascular risk in patients on hemodialysis [34] . Cardiac remodeling that occurs as a result of extended-hours nocturnal dialysis seems to be a combination of a reduction in interstitial fibrosis and inflammation, and a regression in cellular hypertrophy and consequently of the extracellular space, all of which are prognostically relevant for patients on hemodialysis [35, 36] .
IMPACT ON QUALITY OF LIFE
There is a wealth of observational data showing that QoL outcomes are improved with nocturnal dialysis programs, measured using a number of different instruments. Our own data showed that in patients undertaking INHD, the mean EQ-5D visual analogue score improved after 4 months, from 48 AE 16.89 to 72 AE 13.2 (P < 0.01) [16] . The anxiety score of the mean Hospital Anxiety and Depression Scale (HADS) decreased from 9 AE 5.83 to 3.57 AE 3.04 (P ¼ 0.029), and there was a trend towards improvement in SF-12 physical component scores, from 31.31 AE 3.32 to 41.69 AE 10.19 (P ¼ 0.052). These findings are consistent with those from other observational studies [15, 33, 37] ; however, it is difficult to draw firm conclusions from these data as such observational studies are inherently prone to selection bias. In contrast, data from randomized controlled trials are less clear. The FHN Nocturnal Trial did not show a benefit in the co-primary outcome of death or QoL as measured using the SF-36 Physical Health Composite score for patients undertaking NHHD [19] . It is worth remembering that the sample size in that study was eventually reduced from 250 to 90 patients due to recruitment challenges, ultimately meaning that it was powered to detect much higher changes in QoL score (7.4 vs. 4.2-point improvement). Subsequent analyses by the FHN Trial Investigators showed patients undertaking nocturnal hemodialysis had significantly shorter time to recovery than patients on conventional hemodialysis [38] . The authors suggested that the improvements in QoL measures seen with frequent dialysis in the Daily Trial were also likely extend to nocturnal hemodialysis. These findings are in keeping with the data from the Alberta trial which reported improvements in selected measures of QoL in 26 patients who were randomly assigned to receive extended, nocturnal hemodialysis 6 times per week vs. 25 controls [7] . Although the recently published ACTIVE Dialysis trial failed to show any improvements in QoL measured using the EQ-5D instrument in 200 patients randomized to either standard or extended hemodialysis (12 vs. 24 h per week) [39 && ], these patients were predominantly dialyzed during the day, with only an average of 10 participants in the extended group and 3 in the standard group dialysing overnight. Although the results broaden understanding of the effects of extended hours of hemodialysis on QoL, the authors commented that the capacity of the EQ-5D to detect a meaningful improvement may have been limited, and, in any case, these data cannot be directly extrapolated to nocturnal programs.
BARRIERS TO IMPLEMENTATION
Estimates suggest around 5% of dialysis facilities offer INHD programs [40] . In line with standard HHD, numbers of patients on NHHD are static. Given the expanding evidence base to support the provision of nocturnal dialysis schedules, the barriers to its broader adoption need exploration.
Vascular access considerations
The data regarding vascular access interventions in nocturnal hemodialysis are conflicting. There are a number of studies that have look at the effect of frequent nocturnal dialysis on vascular access outcomes. The Alberta trial showed no difference in complications related to vascular access interventions or infections between the nocturnal and conventional dialysis groups [7] . These findings have been challenged by both the FHN short daily study, which reported shorter time to first vascular accessrelated intervention (hazard ratio 1.71, 95% CI 1.08-2.73) in the frequent hemodialysis group [17] , and the FHN nocturnal trial, which reported a trend towards an elevated rate of access events in individuals being dialyzed 5-6 nights per week (hazard ratio 1.62, 95% CI 0.91-2.87, P ¼ 0.1) [19] . These data have led to understandable concerns regarding vascular access complications [41] . A further study by Jun et al. reported access-related events in a cohort of 286 Australian patients who initiated hemodialysis therapy for at least 24 h per week [18] . More than 95% of patients underwent hemodialysis at home, which was typically performed at night, for at least 3.5 sessions per week. They reported the hazard ratio of an access-related adverse event as 1.56 (95% CI 1.03-2.36) for every 1-session increment in dialysis frequency, but suggested that a smaller number of long dialysis sessions may be associated with reduced risk of vascular access events compared with 5-6 times weekly. Because of insufficient variation in dialysis duration, no comment was made on the impact of duration on vascular access outcomes; however, more recent data published in the ACTIVE Dialysis trial [39 && ] showed no evidence of harm for vascular access events or interventions. The authors commented that the distinguishing features of the ACTIVE Dialysis trial, compared with previous studies, were lower dialysis session frequency (mean dialysis frequency <3.5 sessions/week), more native fistula usage at baseline, a greater proportion dialyzing in in-center or satellite settings, and lower buttonhole cannulation usage. These data would suggest that extended hours do not inevitably result in increased vascular access events, especially in those patients wishing to undertake thrice weekly or alternate day in-center nocturnal dialysis regimens.
Needle displacement during dialysis is a serious complication that can have fatal consequences [42] , so it is not surprising that this is a concern for both patients and staff. A US survey of over 1100 hemodialysis nurses revealed that more than half (58%) were often concerned about needle displacement and identified nocturnal/home hemodialysis as a potential risk factor associated with dislodgement [20] . A study of over 200 patients by the Toronto group confirmed the 'fear of a catastrophic event' as a common theme in surveys and interviews due to the perception of loss of safety when undertaking NHHD [43] . Despite these concerns of patients and staff, none of the studies have reported an increase in cases of needle dislodgement, and whilst it is important to assess and take all reasonable steps to mitigate risk of such occurrences, it should not be a barrier to patients adopting nocturnal dialysis schedules.
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Staff working patterns
Engagement from staff when enacting any change in service provision is critical to success. A study by Bugeja et al. [15] , which included nursing staff satisfaction levels with INHD provision, revealed that among ward nurses who had worked both on the ward and in the INHD program, 16/21 were happy to continue in the dual role, even if they had expressed initial concerns.
Patients have also expressed worry about difficulties accessing healthcare professionals overnight if they experience complications during their treatment and for their regular consults with physicians, dieticians and other members of the multi-professional team. These factors are by no means insurmountable, however, and can be addressed in innovative ways, taking on board the opinions of both patients and staff as to what works best locally (e.g. multi-professional, combined clinics) [15] .
Cost-effectiveness of nocturnal schedules
The initiation and continued support of nocturnal dialysis programs requires institutional support from dialysis providers. Providing evidence that such schemes are cost-effective is therefore crucial.
Nocturnal dialysis has superior cost utility compared to conventional hemodialysis. Data from 24 patients who dialyzed approximately 7 h 6 nights per week vs. 19 on the standard regimen showed a significant reduction in the cost per QALY for NHHD and a net monetary benefit of NHHD of anywhere between $11 227 and $35 669 with the probability that NHHD is cost-effective exceeding 99% [29] .
There are no studies that have formally assessed the cost-effectiveness of INHD programs. Concerns have been raised that INHD programs may not be cost-effective due to increased staffing costs for longer dialysis sessions and antisocial hour supplements [28] . However, there are potential cost benefits to INHD that may mitigate the increased costs of staffing such programs. For example, unemployment rates amongst incident dialysis patients are high, with some estimates up to 71%, becoming even worse in the first year after dialysis initiation [44 && ,45,46] . This may be attenuated by more convenient scheduling of outpatient treatment times [26] . A study by Kutner et al. [27] showed that the strongest predictor of employment rates within individual dialysis facilities was the presence of a late dialysis shift; facilities with the highest employment rates were about three times more likely to have a late shift than facilities with the lowest employment rates. Indeed, a recent Cochrane review highlighted the provision of nocturnal dialysis therapies as a potential intervention to aid employment, not just for patients on dialysis, but also their carers [25] . One study of alternate-day NHHD has reported that although there was no overall change in work status scores at 6 or 12 months, of the 63 patients in the nocturnal cohort, 24 patients continued to work, 5 commenced work when they were not previously used and only 1 patient ceased work whilst still on dialysis [47] . The same can be said for INHD, and there are potential productivity gains afforded by INHD that are not well captured by QoL metrics.
CONCLUSION
Despite wide ranging clinical benefits, improvements in patient-related outcomes and favorable health economic factors, nocturnal hemodialysis remains an under-utilized therapy; the reality is that many patients have to fit life around their dialysis schedules rather than being able to fit dialysis in with their lives. Making nocturnal dialysis more routinely available as part of the 'menu' of options for dialysis patients, especially in-center programs, can only be of benefit to patient outcomes and experience. 
